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Abstract
We propose possible signatures of ‘exogamous’ combinations between partons in the different
W+ and W− hadron showers in e+e− → W+W− events with purely hadronic final states.
Within the space-time model for hadronic shower development that we have proposed previ-
ously, we find a possible difference of about 10 % between the mean hadronic multiplicity in
such purely hadronic final states and twice the hadronic multiplicity in events in which one
W± decays hadronically and the other leptonically, i.e., < Nhad(2W ) > 6= 2 < Nhad(W ) >,
associated with the formation of hadronic clusters by ‘exogamous’ pairs of partons. We discuss
the dependence of this possible difference in multiplicity on the center-of-mass energy, on the
hadron momenta, and on the angular separation between the W± dijets. If it were observed,
any such multiplicity difference would indicate that the W± do not hadronize independently,
and hence raise questions about the accuracy with which the W± mass could be determined
from purely hadronic final states.
One of the central aspects of the experimental programme at LEP 2 [1], is the study of
the reaction e+e− → W+W−. This will permit more detailed investigation of W± production
and decay than has been possible previously, enabling more precise measurements of the three-
gauge-boson couplings and the W± mass MW . There are three main ways in which the latter
can be measured at LEP 2: a) using the value of the W+W− cross section at an energy close to
threshold, b) kinematic fits to higher-energy events in which one W± decays leptonically and
the other hadronically, and c) kinematic fits to events in which both W± decay hadronically.
The last of these is promising because of the high statistics that high-energy LEP 2 running
is expected to produce, and because of the relative sophistication and accuracy of programs for
analyzing events with four hadronic jets. However, concern has been expressed in the literature
that these hadronic jet-mass measurements might be vulnerable to shifts in the apparent mass
of the W± due to physical interference between the hadronic decay products that emerge from
their two initial dijet systems: W+ → q1q¯2 and W− → q3q¯4. Since the two initial colour-
singlet systems q1q¯2 and q3q¯4 are produced essentially on top of each other at LEP 2, and
evolve almost simultanously, it is natural to be concerned that the quarks and gluons from the
two sources may cross-talk, thereby altering the naive picture of independent evolution and
fragmentation. Indeed, comparison between purely hadronic decays W+W− → q1q¯2 + q3q¯4 and
semileptonic decays W+W− → q1q¯2+ℓν with the same kinematics could be a sensitive probe of
the confinement dynamics. However, the current consensus is that large interference effects are
unlikely to be generated during the perturbative phase [2, 3, 4] of parton shower development
that follows immediately on the electroweak decays of the W±, but the question remains open
whether significant interference effects might appear during the subsequent non-perturbative
hadronization phase [5, 6, 7, 8, 9, 10]. These might result either from effects on the parton-to-
hadron conversion process - due to the fact that the decay products of the W± overlap in space
and time, hadronic clusters might be formed by coalescence of partons from the W+ and W−
showers, a possibility we term exogamy - or from the statistics of final-state hadrons - most
importantly Bose-Einstein correlations among pions.
In a previous paper [10] we have analyzed possible exogamy effects in the parton-to-hadron
conversion process using a model for the space-time development of hadronic showers which
is based on perturbative QCD transport theory [11] for the evolution of partons, followed by
an ansatz for parton-to-hadron conversion [13] that is based on a spatial criterion for confine-
ment. The latter ansatz rests on the insight that hadronization of parton showers in hard QCD
processes appears to be a ‘local’ phenomenon [12], in the sense that it is determined by the
favour and colour degrees of partons which are close-by in phase space. Such nearest-neighbour
partons most preferably tend to form colour-singlet pre-hadronic clusters [14, 15] out of which
final-state hadrons emerge. A key implication is that details of the space-time structure of
the evolving parton ensemble, given by its time-dependent phase-space density, should be re-
flected in the final hadronic yield; however, the details of the actual parton-hadron conversion
mechanism in a given phase-space cell should be local and universal in nature. Consistently
with this picture, we incorporated no a priori prejudice that hadronization should prefer ‘en-
dogamous’ unions of partons from the same W decay shower, and we found a large fraction
of ‘exogamous’ unions between partons from different W showers. The identities of individual
W± decay products are therefore not well defined. Moreover, whereas previous analyses of
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the possible implications for MW of colour recombination effects [5, 6, 7, 8, 9] had suggested
uncertainties of less than 100 MeV, using standard jet algorithms we found [10] shifts in MW of
several hundred MeV between our favoured model for parton-to-hadron conversion and other
scenarios based on our framework for the space-time development of hadronic showers, as well
as a hypothetical scenario in which the W± decays are widely separated in space. Our hy-
pothesis that partons are unbiased in the selection of their future hadronization partners is in
contrast to the standard string picture, in which the colour charges of the initial quark q1 and
antiquark q¯2 predetermine at the space-time point of production the colour flow all the way
into the remote future when finally hadrons are formed. The provocative question we raise is:
why, or to what extent, should the initial quark q1 remember at a time several fm/c later that
its original colour partner was q¯2, and that it is supposed to form a string, or hadron chain,
with the latter, when in the meantime plenty of other quark and gluon colour charges may have
been produced in the region between the receding q1 and q¯2?
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In view of the potential significance for the LEP 2 experimental programme of such an
uncertainty, in this paper we explore in more detail some implications of our space-time picture
of hadronization, looking in particular for signatures that might provide ‘early warning’ of
possible large interference effects due to such exogamous parton combinations. Specifically,
we observe that these may cause a significant difference between the mean multiplicity in a
single W± hadronic decay and half the mean multiplicity in events with a W+W− pair each of
which decays hadronically, i.e., < Nhad(2W ) > 6= 2 < Nhad(W ) >. We also explore the possible
distribution of any such multiplicity difference in the final-state hadronic phase space, finding
that it is particularly enhanced for small hadron momenta, and that the effect has a strong
dependence on the relative angles of the dijets from the W+ and W−. The difference in the
total mean multiplicity could be as large as 10 %, which might be detectable with relatively
small event samples. The effect that we find decreases slowly with the increasing center-of-mass
energy, but is still several % even at the highest possible LEP 2 energies.
Referring to [10] for details, we summarize briefly here the essential concepts of our space-
time model for parton shower development and hadronization [17]:
The parton shower dynamics is described by conventional perturbative QCD evolution
Monte Carlo methods, with the added feature that we keep track of the spatial develop-
ment in a series of small time increments. Our procedure implements perturbative QCD
transport theory in a manner consistent with the appropriate quantum-mechanical uncer-
tainty principle, incorporating parton splitting and recombination 2. In the rest frame of
each W±, each off-shell parton i in the shower propagates for a time ∆ti given in the mean by
< ∆ti >= γiτi = Ei/k
2
i = xiMW/2k
2
i , where k
2
i is the parton’s squared-momentum virtuality,
and xi = Ei/MW its longitudinal energy fraction, during which it travels a distance ∆ri = ∆tiβi.
The n’th step in the shower cascade is completed after a time tn = Σ
n
i=1∆ti =
1
2
MWΣ
n
i=1xi/k
2
i .
This means that the typical time after which a parton with momentum fraction x reaches a
1The loss of colour memory has been studied quantitatively for the extreme case of a high-density QCD
plasma, in which case it was found that the colour relaxation time during which the parton colour charges are
completly randomized was extremely short: ∆t <∼ 0.1 fm [16].
2The latter is not significant during the perturbative phase of the hadron shower in e+e− annihilation.
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low virtuality k20 = O(Λ2QCD) is < t(x,M2W ) >∼ (xMW/k20) exp(−b
√
lnx). Thus, soft partons
are expected to hadronize first, in a conventional inside-outside cascade [15].
The parton-hadron conversion, on the other hand, is handled using a strictly spatial criterion
for confinement, with a simple field-theoretical ansatz used to estimate the probability P (R)
that a spatial region of given size R will make a transition from the parton phase to the hadron
phase. At each time step in the shower development, every parton that is further from its
neighbours than a certain critical distance Rc estimated using a simple field-theoretic model
for parton-hadron conversion [18], is assigned the corresponding probability P (R), estimated
within the same model, to combine with its nearest-neighbour parton to form a hadronic cluster,
possibly accompanied (in our favoured ‘colour-full’ hadronization scenario) by one or more
partons to take correct account of the colour flow. The resulting hadronic clusters are then
allowed to decay into stable hadrons according to the particle data tables.
In the application to e+e− → W+W− that we pursue here, it is important to stress again
that at no moment in this shower development do we make any distinction between the decay
products of the W+ and W−. In any given e+e− annihilation event, an exogamous pair of
partons from different W± decays have the same probability of conversion to hadrons as do an
endogamous pair of partons from the same W± decay, at the same spatial separation. This
philosophy of parton-hadron conversion may be distinguished from the mainstream approach in
which each W± decay is assumed a priori to form a string, the criterion for cluster formation is
formulated essentially in momentum space, and there are a limited number of cross connections
between the different strings [1]. This difference in philosophy is not of academic interest, since,
for e+e− → W+W− production at LEP 2, the partonic showers of W± decays are superposed.
Before decay, each W± travels a distance r± given in the mean by r± = γ±τ±β±, where
τ± = 1/ΓW . Numerically, this distance is very short at LEP 2, namely, of order 0.05 fm
(0.1 fm) at a center-of-mass energy ECM = 170 (200) GeV, and the boost of the W
± at higher
energies will not be sufficient to separate their decays by more than 1 fm at least until ECM > 1
TeV. Although the leading high-momentum partons separate rapidly, in general, because the
directions of the W± → qiq¯j decay axes are different, the two clouds of low-momentum partons
can be expected to overlap, leading to a substantial number of exogamous unions, as seen
clearly in Fig. 18 of Ref. [10]. These may also occur among higher-momentum partons, if the
angles between the W± dijets decay axes are sufficiently small, as we discuss below.
In our previous paper [10], we analyzed the potential significance of such exogamous unions
for the experimental determination of MW from purely hadronic final states. We applied
standard jet-finding and dijet mass-estimation algorithms to hadronic final states obtained
using three different variants of our space-time model for parton-to-hadron conversion, finding
mass shifts δMW of up to several hundred MeV, compared to independent W
± decays. For
example, in our ‘colour-full’ scenario in which partons in any colour combination can coalesce
to colour-singlet clusters through additional non-perturbative gluon emission, we found a shift
of 0.27 GeV in 〈MW 〉 between realistic overlapping W+W− decays as compared to hypothetical
independent W+W− decays.
In the following we will focus on different kinematical signatures of cross-talk between
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the W± decay products, in particular the multiplicity dependence and the shape of particle
spectra. The results that we will discuss were obtained from simulations with the Monte Carlo
implementation [10, 17] of our model. For the full range of LEP 2 energies, Ecm = 162 − 200
GeV, we have studied two distinct situations: first, the physically realistic overlapping evolution
of cross-talking parton showers as they occur in events where both W ’s decay hadronically via
W+W− → q1q¯2 + q3q¯4, and, secondly, the non-interfering independent evolution of superposed
dijets from decays of W+ and W−, mimicking events where one of the W ’s decays hadronically
and the other one semi-leptonically. Technically, the latter case is implemented by separating
physically the two W± decay vertices by a large distance >> 1 fm, and should resemble two
superposed W+W− → q1q¯2 + ℓν decays. In the following we use the terms 1 × 2W for purely
hadronic decays and 2× 1W for superposed semileptonic decays.
Fig. 1 displays potential gross signatures of cross-talk between the W± hadronic decay
showers in the energy range Ecm =162 - 200 GeV: the top part exhibits a significant difference
between the mean hadronic multiplicities < Nch > in realistic overlapping and independent
separatedW± decays of about 10 %, which persists with very weak Ecm-dependence throughout
the entire LEP 2 energy range. The hadronic decays of both W+ and W− (the 1 × 2W case)
yield generally about 10% lower charged multiplicity than twice the case when one W± decays
semi-leptonically (the 2 × 1W case). The slight increase with Ecm of 〈Nch〉 originates from a
weak growth of 〈MW 〉 which sets the initial evolution scale for the parton showers. This is due
to the gradual relaxation of the kinematical constraint that favours the low-mass side of the
W± Breit-Wigner close to the nominal W+W− threshold. The bottom part of Fig. 1 displays
the difference in the mean transverse momenta < pT ch > of charged particles, measured with
respect to the thrust axis 3, between the realistic 1× 2W and independent 2× 1W cases. The
purely hadronic events give larger mean transverse momenta to the final-state particles than
do events with one semi-leptonic decay, mainly because the total transverse momentum is of
similar magnitude in each case, but is distributed among fewer particles in the lower-multiplicity
1× 2W case.
We see that these possible differences persist throughout the LEP 2 energy range between
162 and 200 GeV, consistent with our earlier suggestion that these effects may not disappear
before Ecm ∼ TeV. The plots in Fig. 1 (and in the following figures) are for our preferred ‘colour-
full’ hadronization scenario [10], in which we take account of both the spatial separation and
the colour matching of of partons coalescing to form a pre-hadronic colour-singlet cluster. For
comparison, we have also studied the naive ‘colour-blind’ scenario, which is based solely on
the spatial nearest-neighbour criterion for parton coalescence, irrespective of the colour degrees
of freedom. The two prescriptions, ‘colour-full’ and ‘colour-blind’, are confronted in Table 1,
where we see that some difference between the 1×2W and 2×1W values of < Nch > is always
present at the several % level, despite detailed differences between the hadronization scenarios.
Since it is not evident that a 10% effect in the mean charged multiplicity can be measured
with limited statistics, we have analyzed, within our model, the statistical fluctuations to be
3Thrust is defined as usual, T = max|~n|
∑
i
~n ·~pi/
∑
i
|~pi| with respect to all particles i in an event (not within
the 2 dijets individually), and the thrust axis is given by the unit vector ~n for which the maximum is attained.
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Figure 1: Energy-dependences (Ecm = s
1/2) of the average charged multiplicity and the
mean transverse momentum per charged particle in realistic cross-talking W+W− decay events
(1× 2W ), compared with independent W± decay events (2× 1W ).
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mode 〈Nch〉 , all 〈Nch〉 , |~p| ≤ 1 GeV 〈Nch〉 , |~p| ≤ 0.5 GeV
tot |y| ≤ 1 tot |y| ≤ 1 tot |y| ≤ 1
a) 31.6 24.8 13.7 11.9 7.5 6.6
b) 28.9 22.7 12.4 10.7 7.0 6.1
c) 26.8 21.3 10.2 8.6 4.9 4.3
d) 24.7 19.8 9.3 7.8 4.6 4.0
mode 〈p⊥ ch〉 〈p2⊥ ch〉 〈Ech〉 〈pz ch〉
(GeV) (GeV2) (GeV) (GeV)
a) 1.89 12.9 2.51 1.25
b) 1.96 13.9 2.58 1.26
c) 2.26 17.3 3.01 1.52
d) 2.40 19.5 3.15 1.57
Table 1: Summary of some simulation results at Ecm = 162 GeV. The numbers for particle
multiplicities and momenta refer to the following cases: a) 2 × 1W - colour-full, b) 1 × 2W -
colour-full, c) 2×1W - colour-blind, d) 1×2W - colour-blind. Here, ‘colour-full’ is our preferred
hadronization scenario, which accounts for both the spatial separation and the colour matching
of partons coalescing to form a pre-hadronic colour-singlet cluster, whereas ‘colour-blind’ is a
naive hadronization scenario, based solely on the spatial nearest-neighbour criterion for parton
coalescence, irrespective of the colour degrees of freedom: see [10] for details. Since we have
not attempted to fine-tune either of our colour-full and clour-blind hadronization scenarios,
the absolute values of the multiplicities shown are not to be taken as precise predictions: the
significance lies in the differences between the 2× 1W and 1× 2W cases for the two scenarios,
i.e., the differences a) - b) and c) - d).
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expected in small samples ofW+W− events. Specifically, we find that the charged particle mul-
tiplicity averaged over event samples of 100 events each, shows a strongly peaked distribution
around 〈Nch〉 averaged over all event samples, with a small width corresponding to fluctuations
of δ < Nch > <∼ ± 2. This indicates that the effects in Fig. 1 are only marginal with the
present statistics from ECM = 161, 172 GeV, but should be resolvable with the experimental
data obtained during 1997.
As originally suggested in Ref. [5], and in line with the previous qualitative arguments,
one would expect the bulk of any difference in charged multiplicity to appear in kinematical
configurations where exogamy is most prevalent, namely (i) when the two dijets from the
W− and W+ decays are produced in an ‘anti-collinear’ configuration with the initial q1 and
q¯4 emerging with a small relative angle (and similarly for q¯2 and q3), and (ii) in the central
rapidity region of small particle rapidities (momenta), where most of the gluonic off-spring is
produced. In order to investigate these expectations, we measure momenta with respect to the
axis z˜ that cuts the two dijet axes in half. The axis z˜ is constructed, as illustrated in Fig. 2,
from the the knowledge of the initial two jet axes of q1q¯2 and q3q¯4 (not from the final hadronic
jets), where the relative angle theta is defined as the angle between the quark of one dijet and
the antiquark of the other dijet, i.e., between q1 and q¯4, or equivalently q¯2 and q3.
Fig. 3 shows that the mean charged multiplicity depends strongly on the relative angle θ
between the cross-talking dijets in the 1 × 2W case, shown by the solid line. For comparison,
the dashed line is for the 2 × 1W case of independent dijet evolution. This is flat to within
our statistical errors, indicating that there is no angular dependence in this case, as expected.
The wiggles in this line serve to emphasize the significance of the variation seen in the cross-
talking 1 × 2W case. Experimentally, it is not feasible to separate efficiently the kinematical
configuration of anti-collinear dijets from that of collinear dijets, in which q1,3 emerge in similar
directions, as do q¯2,4. Therefore the effect seen in Fig. 3 will be diluted experimentally by
folding together the configurations θ and 180o − θ.
We now look into more details of the hadron distributions in W± final states. We see in the
top panel of Fig. 4 that the full multiplicity distributions have similar shapes in the 1 × 2W
and the 2 × 1W cases, though with different mean values of 28.9 and 31.6, respectively, in
our preferred colour-full hadronization scenario. However, we also see in Fig. 4 that most
of the hadronic multiplicity differences between the cross-talking evolution (1 × 2W ) and the
independent evolution (2×1W ) indeed occur (i) at small relative angles θ <∼ 30o as already seen
in Fig. 3, and (ii) for particles with |y| ≤ 1 (corresponding mostly to small momenta |~p| <∼ 1
GeV). Specifically, as seen in the top panel of Fig. 4, small-angle events with θ < 30o yield a
shifted multiplicity distribution with the much lower mean multiplicity of 21.5. The rapidity
spectra of charged particles shown in the bottom panel of Fig. 4 diagnoses these differences,
showing that, in the average over all angular configurations, the 1×2W and the 2×1W rapidity
distributions have characteristically different shapes. The 2× 1W case has the typical humped
shape of ordinary qq¯ jet events, whereas the 1 × 2W case exhibits more of a plateau in the
central rapidity region, indicating a significant suppression of soft gluon emission. This effect
is particularly marked in small-angle events, where the depletion in the region |y| ≤ 1 is very
prominent. Notwithstanding the suggestive spectra in Fig. 4, we emphasize that there are
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Figure 2: Illustration of the definitions of the axis z˜ and the dijet separation angle θ between q1
and q¯4 (equivalently, between q¯2 and q3) from the decays W
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(independent) evolution of the W+- and W−-initiated parton showers.
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significant fractional differences in the rapidity distributions even when |y| > 1, as also shown
in Table 1. Indeed, although the fractional difference in multiplicity may be enhanced in the
central region, it does not seem that this enhancement is large enough to improve noticeably the
measurability of such a difference in an experiment with limited statistics, such as are available
from the LEP runs at 162 and 172 GeV.
Why is the effect on the charged multiplicity a reduction, rather than a increase? The
results shown in Figs. 1, 3 and 4 could be explained by the production either of lower-mass
hadronic clusters, and/or of fewer clusters, the effect becoming stronger for small-angle, anti-
collinear dijets, and for softer clusters. In some loose sense, such an effect may be thought of
as reflecting increased “efficiency” in the hadronization process, possibly along the lines of the
basic quantum-mechanical principle of choosing the state of lowest possible energy (or invariant
mass). Perhaps the presence of two cross-talking dijets in the 1×2W case, with their spatially-
overlapping offspring, allows the evolving particle system to reorganize itself more favorably
in the cluster-hadronization process, and to pick a state with smaller invariant mass than in
the 2 × 1W case corresponding to independent dijets with no cross-talk. Indeed, Fig. 5 shows
that the mass spectrum of pre-hadronic clusters from coalescing partons is in fact softer in the
1 × 2W case, reflecting the fact that the availability of more partons enables clusters to form
from configurations with lower invariant mass than in the 2 × 1W case. Fig. 5 shows that
this feature is also enhanced at small relative angles θ < 30o of the two evolving dijets. On
the other hand, we have found that there is no significant difference in the number of hadronic
clusters produced in the 1× 2W and 2× 1W cases 4.
To render these differences between the overlapping 1 × 2W events and the independent
2×1W events more plausible, let us consider in more detail an idealized configuration in which
the second W decays along an axis parallel to that of the first W decay, with q1 accompanying
q¯4, i.e., θ = 0 in Fig. 2. In such a case, one would expect strong interference between the
comoving q¯ and q jets. Indeed, if they were sufficiently close, the parton showers would have
many coherent features. Consider, for example, the case in which q¯4 and q1 happen to form a
colour singlet: the hadronic final state should then tend to consist of two small groups of high-
momentum hadrons at each end of the common jet axis, with a large intermediate rapidity gap.
Conversely, if the comoving q¯4 and q1 form a colour octet, there could be an octet colour “string”
between the two ends of the rapidity distribution along the common jet axis. Asymptotically,
this should yield a higher rapidity plateau. However, it is known from studies of gluon jets at
accessible energies that any such enhancement is not as large as the factor of 9/4 that would
be required to counterbalance the (idealized) rapidity-gap events 5 This argument points in the
4For completeness, we report that in the 1× 2W case at Ecm = 162 (200) GeV an average total of Nclus =
24.8 (26.2) pre-hadronic clusters are produced, out of which N
(ex)
clus
= 14.1 (16.8) are exogamous coalescence
products.
5In reality, the emission of additional gluons in the process of shower evolution complicates this simple-
minded picture. The emitted gluons, most of which carry small energy fractions and populate the central
rapidity region, have - as discussed in Ref. [10] - substantial space-time overlap, and are, in our model, unbiased
in their choices of coalescence partners, not caring which W decay they emerge from. These low-momentum
gluons populate mostly the spatial region of the W+ and W− decay vertices, particularly if Ecm is close to the
W+W− threshold, and therefore increase the probability for exogamous reorganization of colour flow between
9
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direction of an overall multiplicity reduction, as seen in Figs. 1, which should become more
marked if the W± dijet axes are closer together, as seen in Fig. 5. Moreover, this simplified
picture suggests the appearance of a double hump in the rapidity distribution for small-angle
events, with a suppressed plateau, as seen in the bottom panel of Fig. 3. This picture is also
consistent with the enhanced number of events with a very low number of charged particles, seen
in the top panel of Fig. 3. Confirmation of this picture could be provided by the observation
of a significant number of large-rapidity-gap events, which are known to be very rare in Z0
decays [19].
In conclusion, this analysis has shown that exogamy between the partons from different
W± hadronic showers may have as an observable signature differences between the hadron
distributions in (W+ → q1q¯2) (W− → q3q¯4) events and independent W → qq¯ decays, as
observable in (W± → q1q¯2) (W∓ → ℓν) events. These differences may become apparent even
before any possible difference in the W± masses extracted from these different classes of events.
Any observed difference should certainly put one on guard concerning the interpretation of the
W± mass extracted from purely hadronic final states in e+e− → W+W−, in the absence of any
better understanding of the hadronization process.
As a final general remark, we note that e+e− →W+W− provides a uniquely clean environ-
ment for probing the development of hadronization in time and space. Other measurements,
the initial dijets.
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notably those in e+e− → Z0 → hadrons, only observe the final state at distances |r| ≫ 1 fm
and times t≫ 1 fm/c. On the other hand, as we have emphasized, the second W decay occurs
in the heart of the “hot spot” produced by the first W± → q¯q decay, and hadronization may
provide a sensitive probe of the details of the core of the parton-shower development. There are
other unstable particles which might also provide tools for such studies, notably the t quark.
The process e+e− → t¯t may exhibit many of the features discussed here, and this reaction is
on the agenda of future e+e− colliders. However, there the main emphasis on measuring mt
will be using total cross-section measurements, so the implications of exogamy for mass recon-
struction will be less crucial than for e+e− → W+W−. Currently, mt is being extracted from
jet measurements in p¯p→ t¯tX . The estimated experimental error in mt is relatively large, but
exogamous hadronization effects might also be significant in this process, and merit study.
At the moment, given the inevitable model-dependence of treatments of hadronization,
including that presented here, we think that the possible effects of exogamy are currently an area
where experiment must lead the way. However, we have provided in this paper indications of
some possible signatures that experiment might seek. However, we should repeat one cautionary
remark: the numbers and particle distributions given in this paper are estimates obtained within
our model, that has not been tuned to fit e+e→W+W− data, or even details of event-shape
variables in Z0 → qq¯ decay. We do not claim high accuracy for our estimates: rather, the intent
of our paper has to provide qualitative suggestions for possible interesting physical effects, and
to motivate further analysis by both theorists and experimentalists. In particular, we hope that
forthcoming results from LEP 2 will soon cast light on the issues raised in this paper.
This work was supported in part by the D.O.E. under contract no. DE-AC02-76H00016.
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